Hypergammaglobulinemia, widespread plasmacytosis and fibrinoid necrosis of small muscular arteries and arterioles occur in Aleutian disease (AD) affected mink159 19, 2 2 , 239 2% 28, 39 . The disease can be experimentally reproduced by the injection of affected tissue suspensions or cell free filtrates of affected tissuesl7, 18, 19, 21, 41. As a result, it has been suggested that the causative agent may be a virus. Also, BASRUR et al. 1 have reported that the agent can be grown in tissue culture with the production of a cytopathic effect.
The gross and microscopic changes in spontaneously affected mink have been described by several worliers 15, 25, 28, 39 . LEADER et al. 25 have studied advanced renal, hepatic and arterial alterations utilizing histochemical techniques. The lesions somewhat resemble those of human diseases thought to be due to a hypersensitivity mechanism. TKAIJTWEIN39 has indicated that the arteritis might be immunologic in origin. In addition, it has been suggested that the disease may be autoimmune in nature21, but no definitive proof has yet been presented.
The investigation reported here was carried out to study the sequential development of lesions in spontaneous AD and to relate the lesions and their severity to the degree of hypergammaglobulinemia.
Materials and Methods
The 50 mink used in this study were obtained from 2 ranches in Western Washington on which A D had caused severe losses. The animals were maintained on the ranch of origin until one to 2 days prior to necropsy at which time they were transported to the laboratory. 'The mink were kept as family groups with their dams until they were approximately 2 months of age. They were then placed in pairs until they were 4 months old after which they were maintained individually. All animals were homozygous recessive for the Aleutian gene.
All the mink were bled initially on July 1 and at approximately monthly intervals for 5 additional bleedings. Six animals were talcen to the laboratory following each bleeding and tissues collected as described below. The dates on which blood was collected are given in Table 1 . Both affected and normal animals were included in each group.
Blood and serum samples were obtained by two methods. When large volumes of blood were needed the mink were anesthetized with ether and the blood collected in a 10 ml syringe by cardiac puncture. Small amounts of serum or numerous serum samples were obtained from a sublingual vesse116.
Samples of serum were subjected to electrophoresis at room temperature on filter paper as previously describedlg. A Spincoa Model R paper electrophoresis apparatus was used. The sample size was 0.006 ml of serum. Total and differential leukocyte counts and packed cell volumes were carried out o n blood samples by standard procedures.
During the course of the trial, 36 of the 50 animals were killed (6 were killed on each of 6 monthly intervals) and necropsied within 2 hours after death. The entire body, the spleen, liver and both kidneys, minus the peri-renal fat, were weighed. Liver, kidneys, spleen, lymph nodes, lungs, heart, urinary bladder, duodenum, colon, stomach, pancreas, brain, skeletal muscle, and in some instances skin were collected for histologic examination. Two fixatives, neutral 10% formalin and Carnoy's solution, were used.
The tissues were embedded in parafin, sectioned at 6 / L and stained by hematoxylin and eosinzc, periodic acid Schiff (PAS)32, Wilder's reticulin27, alcian blue-chromotrope 2R49, toluidine blue27, Weigert-Van Gieson27 and Pollak's trichromel4. The kidneys of 6 animals were sectioned at 2 p.
Results

Serum Proteins
The number of animals with hypergammaglobulinemia increased from the initial bleeding until the termination of the trial. The figures are not complete since animals were killed at monthly intervals so that the total number of animals decreased during the course of the trial.
There were 4% with hypergammaglobulinemia at the first bleeding when the trial was initiated. The next month the percentage of hypergammaglobulinemic mink rose to 18. The figure had increased at the end of the second month to 50%. The rate of increase of the number of animals developing hypergammaglobulinemia then declined so that the figure for the fourth and fifth months was below the figure of the third month. There were 47% with increased gamma globulin the third month and 42% the fourth month. During the course of the trial, 21 of the 50 mink (42oj,) developed hypergammaglobulinemia. The figure is not complete since normal animals were sacrificed along with affected animals each month. Some of the normal mink might have developed AD if allowed to live throughout the course of the trial. At the end of the trial 200 additional animals of the same age and genotype were necropsied and gross lesions noted. By this method it was found that approximately 40% of the mink of a similar background and on the same ranches had AD. After initial elevations of gamma globulin occurred, there was a constant, gradual increase until the animal was killed or died. This is illustrated in Table I in which the gamma globulin levels of 6 affected and one normal mink are given by months.
Blood Values
When the total leukocyte counts and packed cell volumes from the affected and non-affected mink were compared, there was a statistically significant decrease (P < . O p in both. The mean leukocyte values for the affected and non-affected mink were 6431 and 8276 per cubic centimeters respectively. The mean packed cell volumes were 36.2 and 54.6 for the affected and non-affected groups.
There was a decrease of both values early in the disease and the decline became more pronounced as the disease progressed. In the severely affected mink, the packed cell volumes decreased to 23 to 30 while the total leukocyte count decreased to 4950 to 5250.
Gross Lesions
The gross lesions varied in severity as did the microscopic changes. In general it was found that the gross appearance paralleled the extent of microscopic lesions. The figures for the organ weights were grouped according to whether the animals were affected or normal and not by age.
The spleens were enlarged slightly in the least severely affected mink but were enlarged 2 to 3 times in the most severely affected mink. The borders of the organ were rounded and blood did not flow from the cut surface. The mean splenic weight expressed as percentage of the total body weight was 0.70 for the normal and 0.90 for the affected mink.
The lymph nodes were slightly enlarged in the early cases and this enlargement became more pronounced as the disease progressed.
Mink with early disease had no detectable renal lesions. As the disease became more advanced, small white or ivory foci and scattered petechial hemorrhages appeared. Later an irregular surface and small cysts were noted. The mean of the combined kidney weights of the affected mink was 0.99% of the total body weight while the normal had a mean of 1.21 yo. The hepatic changes were not remarkable except for small white foci scattered diffusely over the organ. There seemed to be an increase in size of the organ late in the disease. The mean weight of the affected livers was 5.0% and that for the normal mink was 3.9%.
There were no detectable gross lesions in other organs.
Microscopic Lesions
Lymph Nodes
The microscopic lesions in the lymph nodes varied in degree. The normal nodes were characterized by a prominent peripheral follicular pattern. In two normal animals the follicles appeared mildly hyperplastic. A few scattered plasma cells were present in the medullary cords of the normal mink.
In the less severely affected mink there was an increased number of plasma cells with a few of them containing Russell bodies in the medullary cords of the affected nodes with no detectable change in the cortex. As the disease became more advanced, the number of medullary plasma cells increased. A few plasma cells were also present in the cortex. There was mild cortical reticuloendothelial hyperplasia with scattered mitotic figures and a small amount of nuclear debris. There was a decreased number of mature lymphocytes at this stage of the disease, but the node had a compact appearance when viewed with the scanning lens.
The most severe changes found in the mink in this study were characterized by a rather loose appearance of the node as if there had been a loss of many cells. This was especially prominent in the cortex where the follicular pattern was no longer prominent and the number of mature lymphocytes had decreased. There were many plasma cells and Russell bodies both in the cortex and medulla. There were many reticulum cells visible in the cortex and many basophilic fragments which appeared to be nuclear debris.
Spleen
The microscopic lesions in the spleen were characterized by an increase in plasma cells in the red pulp with a mild to moderate reticuloendothelial hyperplasia. These changes were minimal in the early cases but became more severe as the disease progressed. In 2 mink with advanced Aleutian disease there seemed to have been a loss of cells resulting in a looser appearance of the red pulp. In these the follicles were atrophic and the plasma cells made up a large proportion of the cell types present.
The initial renal lesions (mild) were small, irregular, focal accumulations of mononuclear cells mostly in the cortex but with a few in the medulla. These collections were composed of 20 to 50 plasma cells, histiocytes and lymphocytes. There seemed to be no specific relationship between the cellular accumulations and a certain anatomic structure. Some occurred in a perivascular location but others did not. There were no glomerular or vascular lesions in the animals at this stage of the disease. There was hemorrhage into some tubules surrounded by cellular infiltrate and some of these also had hyperplastic nuclei. The tubular basement membranes often appeared reduplicated in the infiltrated areas. The next step in the progression of the renal lesions (moderate) was characterized by a more intensive interstitial infiltration of mononuclear cells and by glomerular changes. The interstitial infiltrate was composed of the same cell types as above but these had become more extensive to form larger irregularly shaped collections. Initially there was a small deposition of ill defined, focal, amorphous, eosinophilic material in the glomerular tufts. This substance often was accompanied by nuclear debris. The glomerular changes will be described in detail later. Casts were common both in the cortex and medulla. These varied in appearance from homogenous eosinophilic to bronze. In addition, some tubules contained erythrocytes. There were no vascular lesions at this stage of the disease.
The most marked renal changes (severe) were characterized by generalized distribution of mononuclear cells in the cortical interstitium. These also extended to varying depths into the medulla. The glomeruli were extensively involved with an eosinophilic appearance of the tufts due to the deposition of amorphous, slightly granular material. There were many casts, both bronze and eosinophilic. Numerous Bowman's spaces and tubules were widely dilated, but were not filled with proteinaceous material. Vascular lesions were widespread in many organs and will be described later. Most of the tubular epithelial cells contained clear vacuoles.
The glomerular lesions have been called mild, moderate and severe in what appears to be the progression of changes in these structures.
The mild glomerular lesions were characterized by the deposition of a small amount of amorphous, eosinophilic material. The result was a discernible irregular focal thickening, but the remainder of the glomerulus appeared normal ( Fig. 1 ). The material appeared to be deposited initially in the mesangium and appeared finely granular when observed with the oil immersion lens. PAS stains also revealed the granular character of the deposits (Fig. 2 ). Most of the PAS positive material appeared to be outside the capillaries although a few capillaries had a small amount of it in them, closely related to the basement membrane. Some of the afferent arterioles had the eosinophilic material present in their walls (Fig. 3) .
The moderate stage of the glomerular lesions had more pronounced deposition of the eosinophilic material. The glomerular tufts were involved with random deposition of varying amounts of the eosinophilic material ( Fig. 3) . Some of it was in the form of ill-defined, irregularly shaped collections which tended to obliterate the pre- existing glomerular structures. Other deposits appeared to lie around capillaries suggesting a membranous type of lesion. Some of the material had a slightly fibrillar appearance but most was finely granular.
Most of the deposits appeared to be outside the capillaries although some capillaries contained small amounts. Many capillary basement membranes were thickened. Leakage of proteinaceous fluid into Bowman's spaces was evident as were many casts. Some of the fluid in Bowman's spaces as well as some casts had the same histologic structural appearance as the glomerular deposits when stained with H and E and PAS. Hemorrhage into Bowman's spaces was evident also. The glomerular nuclei, both epithelial and endothelial, often appeared reactive. They became enlarged and vesicular. Small amounts of nuclear debris were also evident in the areas of deposition. The severe glomerular lesions had large amounts of the previously described material obliterating the pre-existing glomerular structures ( Fig. 4 ). There were ill-defined, amorphous focal collections and sheets of finely granular to slightly fibrillar material in which could be seen occasional patent capillaries. The total number of patent capillaries was decreased. Nuclear debris was present in many areas as were scattered polymorphonuclear leukocytes and ill-defined focal areas of necrosis. Leakage of proteinaceous fluid and hemorrhage into Bowman's spaces was common.
Many animals in this study had a focal, non-purulent pyelitis of varying severity.
The number of casts appeared to be directly related to the severity of the microscopic glomerular changes. The occurrence and severity of the glomerular lesions also appeared to parallel the severity of the interstitial mononuclear proliferation except in one animal. The latter had glomerular changes but the interstitial lesions were not severe.
The occurrence and severity of renal lesions appeared to be related to the extent of gamma globulin rise. The animals in the initial stages of the disease had serum protein values in which gamma globulin made up 35 to 42% of the total serum proteins. The gamma fraction made up 41 to 53% of the total serum proteins in the more severe disease (moderate) while those animals with the most severe lesions had values of 50 to 56%. The relationship between gamma globulin level and severity of the renal lesions is given in Table 11 .
The kidneys were examined utilizing special stains. The arterial changes will be described separately. The glomeruli had PAS positive deposits as described above. These deposits were not metachromatic with toluidine blue, were yellow with Weigert-VanGieson and red to pink with alcian blue-chromatrope 2R. Many casts were PAS positive and some stained red with chromotrope 2R and with Pollak's trichrome.
Liver
All of the mink which had microscopic renal changes also had hepatic lesions. The portal areas were infiltrated with mononuclear cells which were a mixture of plasma cells, histiocytes and lymphocytes. In the least severely affected mink (mild) there were 10 to 30 mononuclear cells present while in the more severely affected mink (moderate) there were wide portal collections present. In addition there were also focal accumulations of 8 to 20 cells scattered through the lobules in the severely diseased mink. In 3 livers megakaryocytes were present. One of the livers had a necrotizing arteritis.
The bile ducts were proliferated in 3 of the animals examined and in one the changes were pronounced. In the latter there was a thin layer of mature appearing fibrous tissue around the proliferated ducts.
Livers with these changes were called severe in degree of involvement.
Two of the less severely affected animals had 8 to 10 scattered eosinophils in the portal areas in addition to the previously described infiltrates. One animal which did not have lesions of Aleutian disease had a focal necrotic hepatitis but no etiologic agent could be demonstrated.
There seemed to be a relationship between the degree of hepatic lesions and the degree of hypergammaglobulinemia although the relationship did not appear as clear-cut as for the renal changes. The relationship between degree of hypergammaglobulinemia and portal mononuclear infiltration is given in Table IT .
The degenerative vascular changes were limited to small muscular arteries and arterioles in 4 animals (Table 11 ). The lesions were segmental and did not always involve the entire circumference of the vessel wall.
The normal small muscular arteries of the mink appeared the same regardless of their location. The intima was thin with small, often rounded, darlr-staining endothelial cells and was thrown into many folds resulting in a rugose appearance to the luminal surface. The internal elastic membrane was distinct and also thrown into many folds.
The muscle nuclei in the media were elongated with a distinct but irregularly folded nuclear membrane. There was a sprinkling of chromatin as well as thin basophilic strands extending across the nuclei. The nuclei had a rather vesicular appearance and a single, small nucleolus. Some nuclei had clearly delineated small vacuoles adjacent to them. In some instances these vacuoles pressed into the nuclei so that a distinct indentation resulted.
The muscle fibers in the media stained eosinophilic and had a faint fibrillar appearance. The fibers diverged in some parts resulting in slightly lighter staining areas. The elastic fibers and intermuscular cement lines were visible as irregular magenta lines in PAS stained sections. A fine, interlacing pattern of reticular fibers was evident in the media also. The external elastic membrane was not distinct and appeared frayed and had divergent fibers extending into the adventitia. The adventitia contained the elastic fibers described above and loosely aggregated collagen fibers.
The arterial lesions have been arbitrarily divided into four different stages which appear to represent the developmental sequence of the vascular lesions. The earliest stage has been called stage one and the most advanced, stage four. Various stages of development often occurred within the same animal and within the same organ.
Stage One
The intima of the involved vessels at this stage had few alterations but several had small, clear vacuoles while one had a small area of hemorrhage. No thrombosis was present at any stage. The internal elastic membrane lacked the tortuous appearance evident in the normal vessels of the same size. It was stretched almost smooth but did not appear thickened or otherwise distorted.
There was a loss of the normal circumfibrillar arrangement of the media in the involved portions. The lesions were characterized by a slight loss of eosinophilia and often by a light tan color with an amorphous granular to faintly discernible interlaced fibrillar appearance. The affected portions were poorly delineated, irregularly shaped, focal areas in the middle and adventitial portions of the media (Fig. 5 ), but in some affected arteries the entire thickness of the media was degenerated. In some vessels only the portions of the media adjacent to the adventitia were involved. Occasional small, round to oval, eosinophilic droplets were seen. A few structures which appeared to be erythrocytes were evident in the involved portions. The latter stained red with alcian-blue-chromotrope 2R and Pollak's trichrome. In some of the degenerating areas there were a few small irregularly shaped, poorly delineated foci in which the normal muscular elements appeared to be replaced by a pink, homogeneous appearing material. Leukocytic infiltration was not present in the media. There was an increase in PAS positive material in the affected areas. This had an amorphous appearance and was more common in the portion of media adjacent to the adventitia. In addition, disruption of the normal PAS positive trabecular appearance of the media was noted. This was also evident with the Wilder's reticulum stain. There were also chromotroFe 2R positive (red) granules which were approximately half the size of erythrocytes present in the affected areas.
The nuclear changes consisted of swelling, increased granularity of chromatin, swollen nucleoli and often irregular, distorted nuclear membranes. Some nuclei appeared to be undergoing lysis while others appeared pyknotic.
There were no constant changes in the adventitia at this stage. Some vessels had no changes, others had a few mononuclear cells present and some had a loose cuff two to three cells thick. The perivascular cellular infiltrations were not always completely around the vessel and their location not necessarily related to the degenerated areas.
Stage Two
This stage was characterized by myolysis with either a focal or diffuse distribution and by hemorrhage into the lysed areas (Fig. 6) .
The intima appeared the same as in stage one. The medial changes were well defined, focal or generalized muscular degeneration and lysis. There was a replacement of the lysed muscles by either a homogeneous light tan to pink staining material or irregular accumulations of amorphous light tan, granular to tangled fibrillar masses. Many erythrocytes were present and could be seen distinctly in hematoxylin and eosin as well as in alcian bluechromotrope 2R and Pollali's trichrome stained sections. There was an almost complete loss of muscle nuclei in the involved areas. Leuliocytic invasion and hemorrhage into the involved areas of media were present, but the amounts varied. Most affected vessels had a few reactive cells in the degenerate areas but occasionally numerous cells were present. Nuclear debris was evident. The collagen fibers in the adventitia appeared to be unchanged and there were a few to many mononuclear cells in the adventitia.
PAS positive material was present either in the form of amorphous smudges or small scattered droplets. This material seemed to be more prominent in the adventitial portions of the media. There was chromotrope 2R positive material present in the form of small round foci which appeared to be erythrocytes and as smaller dust-like sprinklings.
Stage Three
The third stage in the development of the arterial lesions was characterized by full-blown fibrinoid necrosis. Well circumscribed, eosinophilic material was present in approximately the adventitial half of the media and extended varying distances into the adventitia (Fig. 7 ) or was present in the entire media and extended slightly into the adventitia. The adventitial extension of the fibrinoid material often appeared as short, well-defined projections at the periphery of the fibrinoid mass ( Fig. 8) . When detectable muscle nuclei were present, they were always located on the luminal side of the fibrinoid (Figs. 7  and 8 ).
In most involved vessels the fibrinoid appeared to be rather homogeneous to granular but in some it appeared slightly fibrillar. It was PAS positive (Fig. 9 ). Intact erythrocytes were detectable in the areas of medial necrosis both in the H and E and alcian blue-chromotrope 2R stained sections. There was also chromotrope 2R positive material present in the form of amorphous, slightly granular appearing masses.
Nuclear debris was present as well as degenerating nuclei. There were varying numbers of reactive cells in the fibrinoid and these were more numerous around the periphery. Most were mononuclear but a few were polymorphonuclear leukocytes. There was an omnipresent, loose, perivascular collection of varying numbers of mononuclear cells, predominantly histiocytes with scattered lymphocytes and plasma cells.
The intima of some, but not all, of the affected vessels at this stage had alterations. These were in the form of subintimal proliferation and mild mononuclear infiltration (Fig. 8) . The result was a narrowing of the lumen. The internal elastic lamina remained intact although split and reduplicated in some instances. The fibrinoid necrosis never extended past the internal elastic lamina.
Stage Four
The most advanced stage in the progression of lesions was the healed or healing arterial lesion. The intima often appeared as described for stage three, with proliferation of mesenchymal and mononuclear cells resulting in narrowing of the lumen. In some instances there was residual medial fibrinoid but the amount varied. The predominant feature was an adventitial and medial scarring as evidenced by fibrillar proliferation usually in a loose circular, laminated pattern. Also present were varying numbers of mononuclear cells. A few vessels had very prominent adventitial and medial cellular proliferations to form a compact, periluminal, laminated pattern.
The fibrinoid in the arterial lesions stained yellow with Weigert-Van Gieson, was not metachromatic with toluidine blue, but PAS F&. 9 . Same artery as Fig. 8 showing PAS positive appearance of fibrinoid and splitting of internal elastic lamina. Periodic acid Schiff. positive. The latter was in the form of many fine PAS positive granules similar to those described in the glomerular deposits.
The internal elastic lamina as seen with the Weigert-Van Gieson stain remained intact in the early developmental stages but appeared to thicken and reduplicate in the advanced ones. There was disruption of the normal reticular pattern in the media early in the degenerative process and this became more pronounced as the degeneration progressed. When the arteries were stained by alcian blue-chromotrope 2R there was a slight increase in blue staining early in the process. Later, red globules, which also stained red with Pollak's trichrome, were present in the areas of medial degeneration. Erythrocytes stained red with these two stains and, in addition, the globules appeared to be erythrocytes when stained with H and E. There were also chromotrope 2R positive (red) droplets approximately half the size of an erythrocyte present in the media.
Other Organs
The lesions in the heart, brain, stomach, intestine and urinary bladder were confined to the arteries and arterioles. The microscopic changes in the heart were early necrotizing arteritis in one animal with perivascular mononuclear accumulations. Six other mink had perivascular accumulations of a few histiocytes, plasma cells and lymphocytes.
There was a mild meningeal mononuclear infiltration in 2 animals. Two others had a few lymphocytes and histiocytes located perivascularly. One of the latter 2 mink also had necrotizing arteritis.
The submucosal arterioles of the stomach were involved in 2 mink. There were early as well as advanced arterial lesions present. The submucosal arterioles in 2 other affected mink had a few mononuclear cells in their adventitia.
Necrotizing arteritis was also present in the submucosal arterioles of the intestine in the same 2 animals which had the alterations in the stomach.
There was arteritis in the urinary bladders of 3 mink. The changes were early in 2 but were more advanced in the other, which had a pronounced adventitial reaction. This took the form of concentric proliferations of mesenchymal cells surrounding vessels with fibrinoid necrosis.
Nine mink had mild peribronchial infiltrations of small numbers of lymphocytes and histiocytes in the lung. There were no lesions in the skeletal muscles, skin or pancreas.
Discussion
The severity of the gross and microscopic lesions appeared to be related to the degree of hypergammaglobulinemia. This can be seen in Table 11 . Although representing a small number of diseased animals, these observations are in agreement with those published by ICFNYON et a1.23 and PORTER and L A R S E N~~. The agreement between microscopic lesions and gamma globulin levels is further supported by observations in 24 experimentally infected mink (HENSON, unpublished data). The lesions in these animals were essentially the same as those given here.
In addition, KARST AD^^ has described similar morphological glomerular and arterial lesions in experimental AD.
The hepatic portal infiltrations occurred in all of the mink examined in these studies. Bile duct dilatation and/or proliferation occurred in 3 animals. The latter animals had advanced AD. The mechanisms involved in the development of these biliary changes remains obscure. No explanation was suggested by the results of this trial.
Evaluation of the microscopic lesions in the kidneys of spontaneously and experimentally infected mink suggests that the development of the changes involves at least two general mechanisms. First, the agent initiates a proliferation of plasma and other mononuclear cells in the kidneys and elsewhere. These collections increase in size and number during the course of the disease and exert a mechanicaI influence on the surrounding tubular structures. Second, glomerular lesions develop which lead to interference with vascular flow, increased permeability of glomerular capillaries and loss of plasma constituents and hemorrhage. These in turn cause numerous casts which, by tubular blockage, further interfere with renal function. These suppositions are supported by evidence presented here and by the finding of statistically significant elevations of blood urea nitrogen levels in AD affected mink by GERSHBEIN and SPENCER^^.
The genesis of the glomerular lesions with progressive deposition of eosinophilic material could arise from several mechanisms and more than one may play a role. The apparent relationship between severity of glomerular lesions and the degree of hypergammaglobulinemia seems too obvious to be discounted, although the two could possibly be independent of each other.
An attractive mechanism to explain the glomerulopathy would be an immunologic one similar to that which occurs in serum sicltness (SS)6, 79 8 or nephrotic serum nephritis (NTN)29, 43. In the former, antigen-antibody complexes not specifically oriented against the ltidney occur and arc non-specifically deposited in the glomerular capillaries, bind complement and result in renal damage. It has been demonstrated also that gamma globulin itself can be altered physiochemically and gain phlogogenic activity52 6 , 20. In NTN a somewhat similar situation occurs but in this case the antibodies are directed against specific renal constituents and bind complement to ultimately result in glomerular damage. It has been proposed that lupoid nephritis and some other human glomerulonephritides have a similar genesis. In all of these, there often is a membranous glomerular lesion present as well as other changes63 13, 24, 37, 43. When glomeruli of animals or humans with SS6, 7 NTN29, 43 or lupus erythematosus31~ 47 are stained with fluorescent tagged antigamma globulin or anti-complement, a distinctive capillary pattern is seen. This pattern supposedly is due to the deposition of gamma globulin or complement along the capillary basement membranes of the affected glomeruli. This capillary pattern is in contrast to a pre-dominently mesangial pattern of fluorescence. When glomeruli from mink with AD were examined using fluorescent tagged gamma globulin, PORTER et al.35 found that the fluorescent pattern was mesangial. This suggests that the disease process is not similar to SS, NTN or lupus.
Another possible mechanism is that of intravascular coagulation. It has been demonstrated in spontaneous and experimental conditions that intravascular coagulation can result in glomerular alterations and deposition of material similar in appearance to fibrinoid and fibrin45. In these conditions, the material, which can be fibrin per . re or incompletely polymerized fibrinogen and related products such as cryofibrinogen, is deposited subendothelially and in the mesangium45. The endothelial and mesangial cells are stimulated to proliferate and phagocytize the material46. In these conditions gamma globulin can be detected in the mesangium while fibrin and its products can be detected in the mesangium and subendothelially45. A capillary deposition pattern is lacking.
It has been suggested that intravascular coagulation plays a role in lupus nephritis37 and NTN44 and that the fibrinoid material observed in these cases originates in part from fibrin and its products45. Also, circulating antigen-antibody complexes have been shown to potentiate intravascular coagulation36. Whether hypergammaglobulinemia itself could increase coagulation in the mink is not known, but demonstrated fibrin in the mesangium of AD affected glomeruli, but they did not comment in regard to its possible subendothelial deposition. PORTER et al.35 also described protein complexes in the serum of AD mink. KARST AD^^ has described fibrin thrombi in the glomerular capillaries in some, but not all, experimentally AD infected mink using Mallory's phosphotungstic acid hematoxylin and Weigert's fibrin stain to detect fibrin. In addition, preliminary investigations in this laboratory and the Department of Pathology of Columbia University on the various clotting factors in normal and AD affected mink indicate that alterations consistent with intravascular coagulation occur in AD affected mink.
The third possible mechanism is proteinuria itself. FISHER and H E L L S T R O M~~ have shown that homologous gamma globulin infused into rats had a nephrotoxic effect and that intracapillary fibrin thrombi occurred. In addition, FISHER et al.11 studied renal changes in humans with multiple myeloma and found that the lesions appeared to be quantitatively related to the level of serum proteins.
Present knowledge concerning the pathogenetic mechanisms involved in the renal lesions of AD does not suggest immunologic similarities between AD and immunologic renal disease such as SS or NTN, but immunologic mechanisms can not be completely excluded. PORTER et a1.35 have indicated that it would appear unwise to consider AD as an experimental model for the study of human diseases of immunologic origin. These workers further state that they failed to show any pathogenetic role for the increased gamma globulin.
It would seem premature to exclude a possible role of the gamma globulin in the glomerulopathy of AD. Further elucidation of the direct effect of the gamma globulin on the kidney and the role of coagulation mechanisms, possibly influenced by hypergammaglobulinemia, would seem worthwhile. One or both of these processes may play an important role in the development of the renal lesions.
Fibrinoid necrosis of arterial walls occurs in a number of experimental and spontaneous animal and human diseases93 247 50. Among these are conditions thought to be due to immunologic processes such as antigen-antibody complexes in serum siclmess6. In addition, ISHIZAKA and I S H I Z A K A~~ and CHRISTIAN^ have demonstrated that gamma globulin altered by physicochemical as well as immunologic mechanisms have phlogogenic capabilities. A number of non-immunologic mechanisms such as hypertension, hormonal treatments and others also produce fibrinoid arterial lesionsg. The wide diversity of causative mechanisms points out the non-specific nature of the lesion.
The vascular lesions in AD involve only the small muscular arteries with the changes usually occurring in the adventitial portion of the media, but the entire media may be affected. The intima is not severely altered until late in the process and the initial changes may or may not be associated with perivascular mononuclear cells. TRAUTWEIN et al. 42 have summarized the arterial lesions as an initial segmental fibrinoid necrosis followed by a focal or diffuse adventitial inflammatory reaction. T R A U T W E I N~~ further indicated that the vascular lesions might be allergic in nature and has called the eosinophilic material para-amyloid40.
PORTER et al.35 demonstrated the presence of gamma globulin in large amounts but little fibrin or albumin in fluorescent antibody studies of affected arteries. The photomicrograph they present is of an advanced or healing lesion using the criteria of this paper. It would seem unusual for serum proteins not to be present, since there is hemorrhage and necrosis in the media. Fibrinoid has been shown to vary in its composition in various conditionsg~ 139 309 48 and probably with aging. It seems probable that the fibrinoid material in the arterial lesions in AD is a composite of different plasma proteins, necrotic muscle and fibrin due to necrosis and entrapment.
The term fibrinoid is used in this paper to describe the morphologic appearance of the change since specific stains such as fluorescent tagged antibodies were not used to determine the precise composition of the deposits. The results reported here for the glomerular and arterial lesions using special stains are in close agreement with those of LEADER et al. 25 and KARST AD^^. The occurrence of chromotrope 2R positive (red) droplets in the early arterial lesions may indicate deposition of serum proteins or fibrin since both gamma globulin and fibrin are red with this stain48. WAGNER^^ found that casts in the kidneys of patients with multiple myeloma stained red with chromotrope 2R as did the tubular casts in the mink in the present study. LEADER et al. 25 indicated that the eosinophilic glomerular deposits appeared to be mucopolysaccharide, while KARST AD^^ considered the material to be mainly glycoprotein. The results of the present study did not suggest a more specific character for the glomerular deposits.
No definitive mechanism can be pointed out to explain the genesis of the arterial lesions. Immunologic or physicochemical factors such as antigen-antibody complexes or altered gamma globulin itself could produce such changes and can not be completely ruled out. The adventitial location of most of the early changes suggests a possible relationship to the vasa vasorum. Hypertension resulting from the renal lesions is another possibility for the genesis of the arterial lesions. CAMPBELL and SANTOS-BUCH~ have described similar appearing arterial lesions in rabbits made hypertensive by silk perinephritis followed by contralateral nephrectomy. These authors further found that the causative factor was not hypertension but was a humoral factor3. Later investigation indicated that plasma clottable protein was involved in the development of the arterial alterations4.
The question arises as to whether in AD arteritis there is increased vascular permeability to allow initial deposition of small amounts of circulatory materials followed by necrosis or if the necrosis occurs first followed by exudation. In this regard, PARONETTO~O has recently suggested that one of the mechanisms in the genesis of fibrinoid in hypertensive arterial degeneration is increased permeability from hypertension or the toxins of renal failure followed by the localization or formation of immune ccmplexes. I t was not possible to determine whether necrosis or exudation occurred first in the mink in this study. Clarification will have to await further study of the early arterial lesions.
It would appear that AD may be a primary dysproteinemia initiated by a virus or filterable particle. The agent initiates the formation of many plasma cells which in turn produce the increased gamma globulin IeveIs. Whether the gamma globulin is paramount in the development of the glomerular lesions either directly or indirectly through the initiation of secondary mechanisms such as intravascular coagulation remains to be clarified. Such mechanisms seem worthy of consideration at this time. The relationship between the gamma elevation and the arterial changes is equally unclear. The possible role of a direct effect of the agent on vascular and glomerular tissues as the initiating insult must also be kept in mind.
Normal and Aleutian disease affected mink from ranches with a high prevalence of Aleutian disease were killed at approximately monthly intervals from J L~Y to November. Serum was subjected to zone electrophoresis and the serum protein changes were compared to the histologic stage of development of the renal, hepatic, and arterial changes. The initial renal lesions were interstitial infiltrations of plasma cells and lymphocytes with later development of glomerular changes. The arterial lesions were early medial necrosis followed by the appearance of fibrinoid and later by healing with concentric fibrillar proliferation. There seemed to be a direct relation between the severity of renal, hepatic, and arterial changes and the magnitude of hypergammaglobulinemia. Possible pathogenetic mechanisms are discussed.
Gesunde und kranke Nerze von einer Farm mit starkem Befall an Aleutenkranliheit wurden in der Zeit von Juli bis November in etwa monatlichen Abstanden getotet. Die elektrophoretischen Veranderungen der Serumproteine wurden mit dem histologischen Entwicklungsstadium der Nieren-, Leber-und Arterienschaden verglichen. Als initiale Nierenaffelctionen wurden interstitielle Infiltrate aus Plasmazellen und Lymphozyten beobachtet, und spater Schaden an den Glomeruli. Die Veranderungen der Arterien bestanden in fruher Nekrose der Media, dem Auftreten von Fibrinoid, und anschliessender Verheilung durch konzentrisch fibrillare Proliferation.
Es schien eine direkte Beziehung zwischen dem Grad der Nieren-, Leberund Arterienveranderungen und dem Ausmass der Hypergammaglobinamie zu bestehen. Die moglichen pathogenetischen Mechanismen werden besprochen.
